Some taxonomists consider mites and ticks as a subclass (Acari) consisting of seven orders: Notostigmata, Tetrastigmata, Mesostigmata, Metastigmata, Cryptostigmata, Astigmata, and Prostigmata. Other taxonomists group the acarines (mites and ticks) into three orders ( Fig. 1) : Opilioacariformes (suborder Notostigmata), Parasitiformes (suborders Tetrastigmata, Mesostigmata and Metastigmata), and Acariformes (suborders Prostigmata, Astigmata and Cryptostigmata). Other persons group taxa differently, but most specialists agree that acarines are di-or polyphyletic. Over 30,000 species and 1,700 genera have been described and it is estimated that a half million more species exist today (Krantz, 1970) .
Inadequate rearing data and no cytogenetic information are available for species of Notostigmata and Tetrastigmata. In view of the paucity of published data on sex determination and parthenogenesis in acarines, it is especially noteworthy that parthenogenetic species are present in all otlier suborders and arrhenotoky is the major mode of reproduction in certain families. In this type of parthenogenesis, haploid males are produced from unfertilized eggs, whereas diploid females result from eggs receiving spermatozoa. In thelytoky, mainly females are produced and males are absent or rarely found and if present usually do not mate. Thelytokous "species" may utilize different chromosomal alternatives, but all known cases omit meiotic (reduction) division or employ some mechanism for reestablishing the diploid chromosome number (i.e. fusion of polar body nuclei, fusion of cleavage nuclei, etc.). Polyploidy is frequently associated with thelytoky.
Mesostigmata Prostigmata
Tetrastigmata Astigmata Cryptostigmata OPILIOACARIFORMES PARASITIFORMES KIG. ] . Probable phylogcnetic relationships among the higher taxa of Acari (slightly modified from Mating, with or without the penetration of sperm and fertilization, is a common adjunct to several forms of parthenogenesis. Gynogenetic females must mate with males (sometimes of another species) before oviposition can take place. Nevertheless their eggs are not penetrated by spermatazoa, but develop thelytokously, utilizing one of the mechanisms mentioned above. All arrhenotokous (haplo-diploid) species utilize sexual reproduction in the production of females to the extent that the maternal chromosome number is restored by contributions of the spermatic genome. In some species, unmated females will lay haploid eggs which develop into males. Arrhenotoky can be determined for these species from rearing data and the sexing of offspring before and after mating. Other species, however, have mating Krantz, 1970) .
as a necessary prerequisite to the production and oviposition of haploid eggs. This situation is analogous to that of thelytokous gynogenesis and the actual parthenogenic nature of the reproductive mechanism must be determined cytologically since it cannot be inferred from rearing data alone.
ARRHENOTOKY
Haplo-diploidy (arrhenotoky) is not reported in any species of tick (Metastigmata) or oribatid mite (Cryptostigmata). This type of parthenogenesis is not usually sporadic in acarines, but when present seems to be operative in many closely related species and may be the major mode of reproduction in certain higher taxa (genera, subfamilies, families).
Mesostigmata
Judging from the limited amount of data on reproduction in acarines arrhenotoky appears to be quite common among the Mesostigmata. It is the predominant form of reproduction in at least several families: Macrochelidae, Dermanyssidae, Macronyssidae, Phytoseiidae. Filipponi (1964) , studying Macrochelidae, claims that 19 of 21 investigated species of Macrocheles are arrhenotokous as are four species of Glyptholaspis, one of Holostaspella, and one of Areolaspis (Table 1). These data are based on rearing experiments and were not confirmed cytologically. Oliver (unpublished) confirms by rearing experiments and chromosome analyses that two species mentioned by Filipponi {Macrocheles pisentii and Macrocheles vernalis) and one not mentioned (Areolaspis bifoHatus) are haplo-diploid with males possessing 5, and females 10, chromosomes. Oliver and Krantz (1963) report that Macrocheles rodriquezi is arrhenotokous and Oliver (unpublished) also has cytological evidence that males of Macrocheles muscaedomesticae are haploid. Several authors (Pereira and de Castro, 1947; Axtell, 1961; Wade and Rodriquez, 1961) agree that M. muscaedomesticae is arrhenotokous and Costa (1967) reports arrhenotoky for M. parapisentii. There seems little doubt that most macrochelids reproduce by arrhenotoky, although some thelytokous species exist and will be discussed under that topic (Table 1) . Moreover, Filipponi (1964) indicates that some species (morphologically identical) may have different reproductive patterns in different geographic regions.
At least several species in the Laelapidae s.l. are arrhenotokous. Confusion and disagreement exist regarding the taxonomy of laelapid-like mites. In this paper mention can be made of several species presently assigned to Laelapidae, Dermanyssidae and Macronyssidae, although some of these species have been in the past, and probably will be in the future, shifted among several families or subfamilies. On the ba- Filipponi, 1964; Oliver and Krantz, 1963; Oliver, unpublished; Costa, 1967 Ohmori (1936) , Bertram, Uns worth, and Gordon (1946) , Skaliy and Hayes (1949) , and others indicate Ornithonyssus bacoti (=Bdellonys-sus bacoti) is arrhenotokous and Camin (1953) reports arrhenotoky in Ophionyssus natricis. Oliver (1961 Oliver ( , 1965 and Oliver, Camin, and Jackson (1963) confirm these findings and cytologically demonstrate 8 chromosomes in males and 16 in females of O. bacoti, whereas 9 and 18 are present in Ophionyssus natricis. Oliver (1965) also demonstrates a haplo-diploid situation in Ornithonyssus sylviarum (n = 9) and Dermanyssus gallinae (n = 3). A general review of the cytogenetics of these species is available (Oliver, 1967) .
Mating is not a necessary prerequisite to oviposition in three macronyssine species (O. bacoti, O. sylviarum, and Ophionyssus natricis) , but is required for D. gallinae. Subsequent to feeding and mating, female D. gallinae produce haploid (n = 3) and diploid (2n = 6) eggs which develop into males and females, respectively (Oliver, 1966) . Although the actual mechanism (s) for the initiation of oviposition are not known, this reproductive pattern might be compared to gynogenesis as it occurs in thelytokous forms. In any case, these two forms of arrhenotoky have important ecological parameters as they relate to the colonizing ability and generation time in the various species of mites.
The laelapid mite, Laelaps echidnina (-Echinolaelaps echidninus) also reproduces parthenogenetically, but mates readily if given an opportunity (Owen, 1956 ). Sex of the parthenogenetic progeny is not mentioned by Owen, so it is uncertain whether arrhenotoky or thelytoky is involved. Since males of this species are not rare and readily mate, presumably the species is arrhenotokous. Arrhenotoky is likely in another laelapid (species undetermined) that occurs on Rattus assimilis in Australia. Females produce embryos with either 7 or 14 chromosomes (Oliver, unpublished) .
Species of Phytoseiidae are predators and were thought to reproduce sexually since virgin females do not usually oviposit (Dosse, 1958; McMurtry and Scriven, 1964; Waters, 1955; and others) . Hansell, Mollison, and Putman (1964) challenge this concept by reporting that Phytoseiulus persimilis, Amblyseiiis fallacis, and Typhlodromus caudiglans produce haploid (n=4) and diploid. (2n=8) embryos. Although this does not prove arrhenotoky, it strongly suggests its occunence. Treat (1965) adds further qtological evidence of the occurrence of arrhenotoky in the family by reporting similar chiomosome numbers in Amhlyseius ciinnneris. Wysoki and Swiiski (1968) add ovendiclming evidence that arrhenotoky occurs in quite a few species of phytoseiids. Their cytological study of 10 species representing four genera confirms that females produce haploid and diploid embryos and that adult males are haploid and females are diploid. A haploid number of 4 and a diploid number of 8 occur in Amblyseiiis rubini, A. siuirskii, A. hibisci, A. chilenensis, A. largoensis, Typhlodromus athiasae, T. rhenanus s.l., Phytoseiulus persimilis, and Tphiseins degenerans. Typhlodromus occidentalis has 3 and 6 chromosomes. It seems probable that most phytoseiids reproduce by haplo-diploidy and that a type of arrhenotokous gynogenesis exists which is similar to that present in the dermanyssid mite, Dermanyssus gallinae (Oliver, 1965) . One can only wonder how many species of arthropods reproduce this way and yet are assumed to be obligatorily bisexual since isolated virgins do not produce offspring. Clearly, many species of acarines utilize a form of arrhenotoky which cannot be detected from rearing data since oviposition does not occur without mating (haplo-diploid gynogenesis). Hopefully, more investigators will consider this possibility in future studies dealing with reproduction and life cycles. Detailed reproductive studies are lacking in species assigned to most families of Mesostigmata and data on these aspects are urgently needed.
Prostigmata
Arrhenotoky is the chief mode of reproduction in species of several families of Prostigmata. Cytological data and/or rearing experiments demonstrate its presence in more species than in any other suborder. The Tarsonemoidea consists of several families which contain arrhenotokous species. Three such species in the Tarsonemidae are Hemitarsoncmus lalus (Gadd, 1916) , Tarsonemus randsi, and T. setifer (Beer, 1951) . Cytological confirmation of haplo-diploidy is lacking, but rearing data indicate true arrhenotoky. Cytological and rearing data confiini haplo-diploidy in two species of Pyemotidae. Males of Pyemotes ventritosus are haploid (n=3) and te-males are diploid (2n=r6) according to Patau (1936) . Cooper (1937 Cooper ( , 1939 reports the same number for Siteropl.es graminum (=Pediculopsis graminum). Virgins of the latter species always produce males while fertilized females produce progeny of both sexes. The sex ratio of offspring from mated females is extreme with approximately 5 percent male and 95 percent female.
The Eriophyoidea consist of one or three families (depending on the authority) of four-legged (nymphal and adult acarines usually possess eight legs) elongate, phytophagous mites. No cytological evidence of arrhenotoky in this taxon is available, but uninscminated females of several species produce only males. Five genera arc represented and the arrhenotokous species include the plum nursery mite, Acvhis fockeui (Putman, 1939) , the pink rust mite of citrus, Aculus pelekassi (Burditt, Reed, and Crittenden, 1963) , Aculus cornutus (Oldfield, Hobza and Wilson, 1970) , the tomato russet mite, Vasates lycopersici (Bailey and Keifer, 1943) , Eriophyes laevis (Schevtchendo, 1957) and the citrus rust mite Phyllocoptruta oleivora (Swirski and Amatai, 1959; Burditt et ah, 1963; Oldfield etal., 1970) .
The Eriophyoidea show strong morphological and behavioral affinities to the Tetranychoidea according to Krantz (1970) . The latter superfamily contains five families with most species assigned to the Tetranychidae (spider mites). Information on chromosomes of species of three of the families is not available, but cytological data exist for four species of Tenuipalpidae and for 57 species of tetranychids (approximately 10 percent of the described species). Three of these four tenuipalpids are thelytokous and will be discussed under the appropriate section later in the paper. The fourth species, Rnoiella indica, is bisexual and seems to be arrhenotokous with n=2 in males (Helle, unpublished) . The species of tetranychids represent both subfamilies (Bryobiinae and Tetranychinae) and 14 genera (Helle, Gutierrez, and Bolland, 1970) . Helle and Bolland (1967) confirm the results of the first cytological study of a tetranycliid (Schrader, 1923) and supports the present generally accepted theory that most species in the family are arrhenotokous. Many authors provided information on reproduction and genetics of tetranychids and some of the more notable include Boudreaux (1956 Boudreaux ( , 1958 Boudreaux ( , 1960 Boudreaux ( , 1963 , Helle (1965) , Helle and Bolland (1967) , Helle et ah, (1970) , Ballantyne (1969) , Helle (1966aAc, 1967) , Helle and Von Zon (1967) , Helle and Pieterse (1965) , Schulten (1966) , McEnroe (1967 McEnroe ( , 1969 McEnroe ( , 1970a , and Eyndhoven and Helle (1966) . Space does not allow a complete listing of contributors.
The more "primitive" subfamily, Bryobiinae, contains both thelytokous and arrhenotokous species, whereas only arrhenotoky is present in the Tetranychinae. Arrhenotokous species in the Bryobiinae include Bryobia sarothamni (n=4), Porcupinychus insularis (n=4) and Petrobia harti (n=2). Schrader's (1923) studies of Tetranychus urticae (=T. telarius) show two classes of embryos, one with 3 and the other with 6 chromosomes and these numbers are also present in spermatogonia and oogonia, respectively. As mentioned Helle and Bolland (1967) agree with Schrader's (1923) findings and add cytological and rearing data to confirm that 11 other species of tetranychids are arrhenotokous. Results of their study and of research by Helle et al. (1970) are listed in Table 2 . Arrhenotokous species in the Tetranychinae include two species of Eonychus (n=2), two species of Eurytelranychus (n=3) and (n=5), five species of EuteLranychus (n=2, n=3, n=4), 12 species of Oligonychus (n=2, Ti=3, n=4) Anatetranychus tephrosiae (n=3), 11 species of Eotclranyclius (n=2, n==3, n=4, n=5), Schizotetranychus australis (n=6), and 12 species of Tetranychus (n=3, n=4, n=6).
The superfamily Anystoidea consists of four families of which one, Pterygosomidae, is exclusively ectoparasitic and contains parthenogenetic species. Rearing data show that virgin female Oeckobiella Helle and Holland, 1967 and Belle et al., 1970.) n=3; 2n=6 n=3;2n=6 n = 3 ; 2 n = 6 n = 3 : 2n=6 n=3:2n=6 n-3; 2n=6 n = 3 ; 2 n = 6 n=4; 2n=8 n=4; 2n=8 n=6;2n=12 n=3, 2n=6 n=3; 2n=6 texana produce only male offspring (Goodwin, 1954) . Presence of arrhenotoky in this species suggests that arrhenotoky may partly explain the unusual sex ratio that Beer (1960) found in a related species, Pimeliaphilns rapax, which is parasitic on scorpions. Only five males were found in the presence of over 400 females. Chyletoidea, a superfamily closely related to the Anystoidea and a member of the Eleutherogonina, consists of approximately nine families, most of which exhibit parasitism. Arrhenotoky is quite common among them and may be the chief method of reproduction in many of the families. Oliver and Nelson (1967) prove haplo-diploidy in the bird parasite, Harpy rhynchus brevis (Harpyrhynchidae) and Moss, Oliver, and Nielson (1968) show the same in H. novoptumaris. Both of these species have only 2 chromosomes per nucleus in the "haploid embryo". It is quite probable that arrhenotoky also operates in the Cloacaridae, although definitive documentation is lacking (Camin et al., 1967) .
Astigmata
There is great plasticity in modes of reproduction in the Astigmata. Hughes and Jackson (1958) cultured approximately 20 species of Anoetidae (superfamily Anoetoidea) in the laboratory and show by careful isolation ot virgin females that in nine species unfertilized eggs produce males only. Virgin females of another species, Histiostoma fimetarium, do not oviposit, yet the sex ratio in this species is typical of an arrhenotokous species; the authors believe pseudofertilization or insemination is necessary to initiate development of male producing eggs. If this is true, it represents another case of arrhenotokous gynogenesis among the acarines.
Cytological as well as rearing data confirm haplo-diploidy in Anoetus laboratorium (Drosophila culture mite) with males having 4, and females 8, chromosomes. Reproductive plasticity is apparent in Histiostoma humiditatus and H. feroniarum in which both thelytokous and arrhenotokous "varieties" occur in essentially the same habitat. Males of the arrhenotokous strain of H. feroniarum have 7, and females 14, chromosomes (Heinemann and Hughes, 1969) . Meiosis is omitted in males and is replaced by a single mitotic division. Oogenesis is regular and 7 bivalents are present at metaphase I.
Another anoetid mite, Histiostoma murchiei, is arrhenotokous according to Oliver (1962) , but this determination is based on rearing data and cytological confirmation is lacking. Since most species of Anoetidae in which reproduction has been studied appear to be arrhenotokous, it seems likely that this is the dominant form of reproduction in the family and in the Anoetoidea. No other cases of arrhenotoky are known in the Astigmata, but this lack of information is probably due to the scarcity of detailed studies on reproduction in this taxa. For similar reasons cases of arrhenotoky have not been reported in any of the Cryptostigmata (oribatid mites). Cases of thelytoky among the oribatids are discussed later under the appropriate heading.
Biological Aspects of Haplo-diploidy
Our knowledge of haplo-diploid genetic systems is rather rudimentary compared to other genetic systems, although haplodiploidy occurs in a large number of animals. The usual statement that is found in papers dealing with its distribution throughout the animal kingdom is that arrhenotoky has evolved six to eight times. This statement not only tends to minimize the number of animals involved, but must be regarded as patently incorrect. The misinformation is based on the limited knowledge of most authors on the phylogenetic relationships of the animals cited; i.e. Whiting, 1945; White, 1954; Hard, 1971 , and others claim arrhenotoky evolved once in the Acarina. As already mentioned, arrhenotoky is present in Mesostigmata, Prostigmata, and Astigmata, and clearly evolved on several different occasions in the di-or polyphyletic mites. Tf more were known about the phylogenetic origins of other taxa that authors usually cite as possessing arrhenotoky, we might increase our estimate of the number of times arrhenotoky evolved. Moreover, if one considers that there are approximately 50,000 species of vertebrates compared to 100,000 species of haplo-diploid Hymenoptera (Storer and Usinger, 1957; Borror and DeLong, 1964 , cited by Slobodchikoff and Daly, 1971 ) plus many other haplo-diploid taxa, it is clear that much more attention should be devoted to arrhenotoky.
Two recent studies dealing with the question of whether male Hymenoptera (haploid) are more or less variable in external morphological traits than the diploid females report conflicting conclusions. Eickwort (1969) analyzed biometrically the variance of males and queens of the social wasp Polistes exclamans and on the basis of 10 characters, males were more variable than the queens. Nevertheless, Daly (1971) compares with wing lengths between sexes of the bee Ceratina acantha and disagrees with Eickwort's conclusions and reports male variance less than female variance (See Slobodchikoff's and Daly's article in this symposium on parthenogenesis for further details). Oliver and Herrin (unpublished) currently are studying the effects of ploidy level on morphological variance; part of these investigations deal with the haplo-diploid tropical rat mite, Ornilhnnyssiis bacol.i. These investi-gators are using univariant and multivariant statistics to determine whether the haploid male is morphologically more variable than the diploid female. The most useful univariant statistic for this purpose appears to be that obtained by transforming raw measurements to logarithms and applying a 2-tailed F test to the computed variances (Lewontin, 19G6) . Results show greater variance in diploid females for 10 characters and greater variance in haploid males for 4 characters at the 5 percent level of significance. These characters were among 37 compared, and the study indicates that a prejudiced selection of characters or the use of a small sample size can generate data to support greater variance in cither sex. Nevertheless, since variance was greater in 10 characters in females versus 4 in males, it suggests greater total variance in females.
In attempting to test further the above conclusion, Oliver and Herrin (unpublished) are using multivariate analyses. This involves comparing all measured characters between sexes simultaneously. Generalized variance plus Bartlctt's test of homogeneity of variances were done simultaneously by a computer program of Wolleben, Pauken, and Dearien (1968) and mollified by Herrin (unpublished). The generalized variance of 17 characters is significantly greater (0.5 percent) in females. Another set of 20 different characters produced the same results at the 0.5 percent level. The large numbers of measured characters, the degree of significance of variance, and the agreement between the univariant and multivariate anal)ses strongly argue in favor of greater variability in diploid females. Tests are now underway to determine relative variance between diploid female ticks (Haemaphysalis longicornis) and triploid parthenogenetic females.
More information exists on the genetics ol teliaivuhid mitcs than any other taxa of anlunotokous acarincs. This work emphasizes the genetics of pesticide lesistance. but is not confined to this subject. References aie too nunieious to list (See some references listed under discussion of arrhenotoky of Tetranychidac in the section on Prostigmata), but these men and their students have been and are major contributors of information on genetics involving haplo-diploid genetic systems in acarincs: (1) Thelytoky is present in all suborders except Notostigmata and Tetrastigmata (adequate data are not available for these two suborders), but does not seem to be the major mode of reproduction in higher taxa, i.e. families. Its sporadic occurrence may or may not be accomplished by pollyploidy. The genetics of thelytoky is poorly understood and is an inviting area of study. Thelytoky is not only of academic interest, but needs more investigation from a practical viewpoint since it invalidates the generally accepted biological species concept (Mayr, 1963) . Moreover, according to White (1970) , the great majority of thclytokous plants and animals seem to involve considerable amounts of hetero/.ygosity and thus function as genetic systems capable of exploiting the advantages of heterosis and adaptive polymorphisms. The view that thelytokous organisms represent evolutionary "dead ends" does not prevail. As White (1970) points out, the only type of parthenogenesis that rigidly enforces complete homozygosity is one in which meiosis produces a haploid egg nucleus and it is restored to diploidy by fusion of embryonic cleavage nuclei in pairs. This situation seems to be very rare.
Mesostigmata
Thelytoky is present in many families of Mesostigmata. Several species of Macrorhclidae are thelytokous even though most spec its in the lamily aie ai l lunotokous. Only lemales are known in GelioUispis alpitnis, G. longispino.sits, G. lotigiilus, G. mandibularis, G. pauperior, Macrocheles montanus, M. penicilliger, M. piniculatus, and possibly M. terreus (Filipponi, 1964) . At least two of these, M. penicilliger and M. piniculatus, are obligatorily thelytokous in Italy. Whereas Filipponi (1964) claims that M. penicilliger is thelytokous in Italy, Bregetova and Koroleva (1960) report it to be zygogenetic (bisexual) in territories of the U.S.S.R. Oliver (unpublished) finds only one type of embryo produced from M. penicilliger in the U.S.A. and its cells have 10 chromosomes. In two other species of Macrocheles and in Areolaspis bifolialus, the diploid chromosome number is 10 for each species and thus it appears probable that 10 represents the diploid chromosome number for M. penicilliger.
As mentioned earlier, most species of Phytoseiidae are apparently arrhenotokous, but require mating before ovipositing. An interesting exception, Typhlodromus guatemalensis (^Amblyseins elongatus), is thelytokous in California (Kennett, 1958) , although Putman (1962) reports males of this species are common in Canada. Warren's (1941) histological study of several species of mesostigmatid mites belonging to several families suggests thelytoky in some species. Veigaia sp. (Veigaiaidae) appears to be exclusively parthenogenetic because no males are found and only a remnant of a sacculus is present in the female. Eulaelaps sp. (Haemogamasidae) also has no sacculus nor receptaculum and males are absent.
Metastigmata
Thelytoky is rare in ticks and when it occurs it usually is not characteristic, but appears sporadically in a species which normally reproduces bisexually, either with a XX:XY or with a XX:XO sex chromosome system. Ornithodoros moubala, an argasid or "soft" tick, usually reproduces bisexually, but occasionally exhibits thelytoky (Davis, 1951) . Davis reared 38 adults from 48 parthenogenetically produced larvae and all were female. The cytology of these thelytokous individuals was not investigated.
Thelytoky also appears sporadically in species of Ixodidae ("hard" ticks). It occurs rarely and almost always in a very small percentage of sibs. This pattern is seen in the cattle tick, Boophilus microplus (Stone, 1963) and in Hyalomma anatolicurn (Pervomaisky, 1949) , frequently accompanied by abnormalities in some of the external features. Rechav (1968) . variabilis, i.e. 5, 10, 25, 35, 40 , and 50 percent. Unfortunately, he did not mention any details concerning these larvae and did not rear them to adulthood. More data are given by Gladney and Dawkins (in manuscript) or another strain of D. variabilis in which 100 females engorged in the absence of males. Of the 100, 93 engorged and detached, 73 oviposited and 52 produced egg masses in which some eggs hatched. An average of 1.5 percent of the eggs hatched (75.9 percent of the bisexually derived eggs in the control hatched). Most parthenogenetically derived larvae died within two to three days posteclosion and only two of 200 such larvae attached and engorged on a host. One reached adulthood and is female.
Thelytoky is reported in Amblyomma dissimile (Bodkin, 1918) and four generations were reared exclusive of males with no evident diminution of size or vigor. Several investigators question the validity of Bodkin's species determination and Brumpt (1934) endeavored, without success, to repeat Bodkin's results. Bodkin may have misidentified the species, but it is also just as possible that he did not and that genes for thelytokous development were common in that particular strain. I reared a strain of Amblyomma dissimile in my laboratory at Berkeley in which genes for parthenogenesis were quite prevalent. In some genetic lines they were more common than in others and in one or two cases were prevalent enough to allow hatching of a few eggs. Different females had various potentials for producing parthenogenetically and this was evident in the embryos they produced. Development ranged from an imperceptable amount of embryogenesis to partially formed larvae to apparently fully formed larvae that would move if the egg were broken for them. As mentioned, a few were able to undergo eclosion without additional aid. It is unclear whether these larvae and embryos were haploid or whether diploidy was reestablished. Until we know the ploidy level of such individuals it does not seem wise to propose hypothetical genetic models. One important fact emerging from all these studies is that biologists ought to regard thelytoky as rather common, although sporadic in occurrence, realizing that different bisexual populations of a species might vary considerably in their parthenogenetic potentials. There is only one described "species" of tick in which no males have been found and which is considered obligatorily thelytokous. Aragao (1912) reared several generations of Amblyomma agamum (=A. rotundatum) and never recovered a male. Unfortunately, we have no data on chromosomes in this "species."
The most interesting case of parthenogenesis in ticks and one in which more data are available is that of Haemaphysalis longicornis (=H. neumanni), often misidentified as H. bispinosa so that all three names are common in the literature (See Hoogstraal et ah, 1968 , for clarification of specific status). The "species" exist as bisexual races over part of its distribution and as parthenogenetic races throughout other areas. Parthenogenetic races are found in Australia, New Zealand, New Caledonia, l-'iji, most of Primone (northeastern I'.S.S.R.), and Hokkaido and northern Honshu Islands of Japan. The bisexual races are from southern Honshu and Kyushu Islands of Japan and from Korea and the extreme south of Primorye. Parthenogenetic and bisexual races apparently occur in northeastern China.
Although Hoogstraal et al. (1968) could not distinguish parthenogenetic from bisexual races using classical taxonomic methods, differences do exist. Parthenogenetic races are usually slightly larger in average size and have a slightly slower developmental cycle (Kitaoka, 1961) . Oliver and Bremner (1968) reported the parthenogenetic race in Australia to be triploid (the only known case of tri ploidy in ticks).
Preliminary investigations in Japan and Korea (Oliver and Tanaka, 1969, and unpublished) indicate some races are parthenogenetic and triploid, some are bisexual and diploid, and others apparently have the ability to reproduce either parthenogenetically or bisexually and different individuals are variously aneuploid (2N=21 <$<$, 22 5J; aneuploid variation = 22 to 28; 3N:=32 or 33). Initial laboratory hybridization attempts in Japan and Korea among some of these geographic races suggest that some are reproductively isolated and others are not. Karyotypes of the four bisexual geographic strains are similar and all karyotypes of nine of the parthenogenetic strains are virtually indistinguishable. Variations in karyotypes are present in individuals of the parthenogenetic laboratory colony originating from Sogwan, Cheju Do (Quelparte Island), Korea. Some are diploid and others appear to have additional chromosomes (aneuploid). Other collections from this same island consist of ticks of both sexes which reproduce bisexually. Our data indicate there is no doubt that bisexual strains are present and Kitaoka's (1961) data confirm it. Thus, it is unclear whether parthenogenetic strains exist naturally on this island or whether parthenogenesis was inadvertently favored in the laboratory. It seems likely that parthenogenetic strains do exist there naturally since genes for r PARTHENOGENESIS IN MITES AND TICKS 293 parthenogenesis ai"e obviously widespread in some geographic strains on the island.
All hybridization attempts with diploid males of bisexual strains from Japan and triploid females from several parthenogenetic strains resulted exclusively in the production of female progeny. These results are in contrast with those of Kitaoka (1961) , who reports that males from Kumamoto (Kyushu), mated with parthenogenetic females from Aomori (northern Honshu), produced a total of 44 females and 83 male progeny (because of an error made in translating from Japanese to English, Kitaoka's paper places the 44 females and 83 males in the second generation instead of the first generation, as is correct; Kitaoka, personal correspondence). Kitaoka (personal correspondence) has no records on the fate of the Fj progeny.
Oliver and Tanaka (unpublished) obtained T x and F 2 offspring from an original cross between diploid males from a Japanese bisexual strain (Iki Island) X parthenogenetic (2n+) females from Cheju Do. A total of 2,968 Fj progeny (49.1% male, 50.9% female) were obtained from 6 females. Only 578 F 2 offspring were produced and 94.4 percent were females. Thus, it appears that genes expressing parthenogenesis have phenotypic expression in the second generation or there is high lethality among developing males of the F 2 generation.
Back-crosses of hybrid F x female X diploid males produced conflicting results. Although egg production was low, some females produced progeny of approximately equal sex ratio whereas others produced offspring with a sex ratio of 9 females to 1 male. Reciprocal back-crosses (diploid bisexual females X hybrid F x males) produced small numbers of offspring, but at an equal sex ratio (52.6% vs. 47.4%). Further analyses and possibly additional experiments are needed before a suitable explanation is offered. Nevertheless, the cytology of the Fj hybrids appeared normal and similar to the bisexual race, i.e. male meiotic divisions were normal and produced normally appearing spermatozoa. The karyotypes of the female hybrids consisted of 22 chromosomes in most cases and only a few cases of aberrant numbers were recorded. Aberrant numbers were frequently seen in the maternal strain. Hybrid F 2 females reveal 22 chromosomes in ovarian cells. Unfortunately, no cytological data are available for F 2 males.
Experiments designed to test for parthenogenesis in the F x and F 2 females suggest an almost complete lack of parthenogenetic ability. Results from 85 F x females and 30 F 2 females show viable eggs from only two females (hatchability -0.56% and all seven larvae died without feeding) in the former and viable eggs from only one female (hatchability = 4.1% and 30 larvae produced 4 nymphs and 3 adult females) in the latter group.
Even a brief discussion of parthenogenesis in Haemaphysalis longicornis should include comments on work by Takenouchi, Shiitsu, and Toshioka (1970) . The title of their paper indicates that Haemaphysalis bispinosa and H. longicornis are parthenogenetic ticks. In fact, however, H. longicornis occurs as bisexual and parthenogenetic races in different geographic areas and H. bispinosa is bisexual. Earlier reports of parthenogenetic races of H. bispinosa dealt with misidentified H. longicornis (Hoogstraal et al., 1968) . Takenouchi et al. (1970) claim that one of them (Toshioka) has unpublished data indicating a parthenogenetic race of H. bispinosa. It is unclear from the report whether he has confused H. bispinosa with H. longicornis or whether parthenogenesis did indeed appear spontaneously in his laboratory colony of H. bispinosa. Oliver and Tanaka (unpublished) have not found parthenogenesis in H. bispinosa and Takenouchi et al. (1970) obtained their H. bispinosa from the same laboratory stock at the U. S. Army's 406th medical laboratories. Nevertheless, there may be rare individual females in that colony which have the capability to produce offspring parthenogenetically. As discussed earlier, this sometimes happens in bisexually reproduc- ing species. It is rare, however, and when it does occur the progeny are virtually all females. Contradictorily, Toshioka (unpublished) claims males are also produced from parthenogenetic eggs.
Unfortunately, Takenouchi et al. (1970) did not mention an earlier brief report by Oliver and Tanaka (1969) which discusses the material in the Takenouchi et al. (1970) paper. They cite , but no applicable paper exists for that date. Moreover, they state, "In the genus Haemaphysalis, so far as the authors are aware of, no report was found on the chromosomes but that Kahn's paper (Kahn, 1964) , in which he reported the chromosome number, 22 and 21 (females and males, respectively), and the sexdetermining mechanism (XO in male) of Haemaphysalis leporispalustris (Packard)." Although Takenouchi et al. (1970) cite Oliver and Bremner (1968) , it appears that the paper was superficially read because Oliver and Bremner not only report on Haemaphysalis longicornis, but on H. bremneri, H. bancrofti and mention unpublished results on H. leporispalustris.
It seems likely that Takenouchi et al. (1970) may have confused primary oocytes with oogonia and thus are not justified in claiming apomictic parthenogenesis in H. longicornis. Although insufficient data are presented to allow final judgment and their photographs and drawings are of poor quality (their figs. 14 and 15), it is probable that oogonial and not primary oocytes were observed. Therefore, failure to see pairing and reduction of chromosomes provides insufficient evidence for the categorical statement that apomictic parthenogenesis occurs in this species, although such a statement may be true. Definitive data need to be presented on tin's issue.
Prostigmatn
Thelytoky seems to appear in some species within \arious families even though most members of these taxa are arrhenotokous. This pattern occurs throughout the Acari and other animal taxa. A case in point is the report by Garman (1917) working with Steneotarsonemus pallidus in which thelytoky occurs. He reared continuous generations of isolated females for five months without intervention of males, which are not unknown in this species.
Another family in which most members reproduce by arrhenotoky is the spider mite family, Tetranychidae. The Bryobiinae, taxonomically considered more primitive than Tetranychinae, includes several obligatorily thelytokous "species." Boudreaux (1956) reports that Petrobia latens and Bryobia praetiosa are thelytokous and Helle et al. (1970) confirm this observation and offer cytological proof (2n=8). The authors report the same number for the thelytokous species, Bryobia rubrioculus, while Helle and Bolland (1967) claim that another bryobiine, Tetranysopsis horridus, is thelytokous with 2n=4.
Thelytoky is not confined to the Bryobiinae, but its occurrence in the Tetranychinae seems to be restricted to "races" of arrhenotokous species and never becomes the major mode of reproduction. Thus, an unfertilized female of Tetranychus urticae gave rise to a female offspring which provided several generations of thelytokous progeny before the clone died (Boudreaux, 1963) . Helle and Bolland (1967) report a spontaneous occurrence of thelytoky in a line of Tetranychus pacifirus. Such sudden appearance of thelytoky in an arrhenotokous species might account for the unusual report of Ries (1935) in which an isolated virgin female Eurytetranychus buxi produced a mixed progeny with a majority of males and few females.
Thelytoky is present also in the closely related family, Tenuipalpidae. Helle (unpublished) observed that Brevipalpus inurnatus (=B. obovatus), B. californicus, and B. plioenicis are thelytokous and all females contain two chromosomes per cell. Because of the small size of the chromosomes (approximately 2 ji) it is impossible to be certain whether bivalent* occur or not, and thus, whether the two chromosomes lepresent the diploid or haploid condition. High dosage radiation experiments with B. inornatus cause a breakdown in thelytoky with production of some males. These males copulate, but the resulting progeny are entirely female indicating that the males are sterile. Although it is still uncertain, the evidence now favors an interpretation of the 2-chromosome situation as diploid. This represents a new low chromosome number in the acarines. Indeed, I know of no other multicellular organism with a haploid chromosome number of 1.
The first recorded report of parthenogenesis in the Acari deals with a species of Cheyletoidea. This study involves Cheyletus sp. (Beck, 1866) in which three successive generations never produced a male. Oudemans (1908) , writing on parthenogenesis in the Acari, felt confident that the species was Gheyletus eruditus and remarked, "It is a pity that Mr. Beck has not continued his breeding experiences, for then he certainly should have met in autumn with a sudden lot of males. In all events, Beck has proved that agamic reproduction took place." Beer and Dailey (1956) mention that during the course of their work no male C. eruditus were taken from Berlese funnels nor reared from eggs. All agamic eggs from laboratory cultures produced females.
There is a report by Peacock and Weidmann (1961) which, according to White (1970) , claims that the cytology of C. eruditus females involves reduction division leading to a haploid egg nucleus with restoration of diploidy by fusion of embryonic cleavage nuclei in pairs. As pointed out by White, this type of system is rather rare and should be verified.
Astigmata
Although arrhenotoky is the predominant type of reproduction found in the Anoetidae, thelytokous forms do appear. Thelytokous "races" of Histiostoma humiditatus and H. feroniarum occur in the same habitats as the arrhenotokous forms and are morphologically indistinguishable from them. An interesting comparative cytological study between the arrhenotokous and thelytokous races of H. feroniarum reveals that the thelytokous strain is apomictic (Heinemann and Hughes, 1969) . During oogenesis in the thelytokous females, pairing of homologous chromosomes does not occur and there is only one pseudomaturation division which is mitotic, producing one polar body and the ovum. Upon completion of the pseudomaturation division, the pronucleus (ovum) migrates to the center of the egg and regular cleavage begins. There is no fusion of cleavage nuclei nor need of it since the pronucleus retains its diploid chromosome complement of 14. The same number of chromosomes is present in each cleavage nuclei and the polar body remains undivided and visible as late as the third or fourth cleavage. Grandjean (1941 Grandjean ( , 1952 ) discusses parthenogenesis in oribatids in general. In three other publications (1947a,b., 1955) he reports parthenogenesis in Camisia segnis, Nothrus sp., and Dameobelba minutissimus. Moreover, Evans, Sheals, and MacFarlane (1961) citing Grandjean (1947a,fr) , state that Nanhermannia and Platynothrus are thelytokous and that the occurrence of this form of parthenogenesis appears to be confined to the lower Oribatei. Oppia neerlandica is also thelytokous (Woodring and Cook, 1962) . Taberly (1958 Taberly ( , 1960 claims that automixis occurs in several species of oribatids and this is an interesting contrast to the apomictic situation in the anoetid, Histiostoma feroniarum (Heinemann and Hughes, 1969) .
Cryptostigmata

DEUTEROTOKY (AMPHOTEROTOKY)
Amphoterotoky is the form of reproduction in which unfertilized eggs give rise to male and female offspring, the natural occurrence of which is reported in only one species of acarine, Histiophorus numerousus, although Dubinina (1964) suggests that it occurs in all Labidocarpinae (family Listrophoridac). This species of Astigmata is not restrited to parthenogenetic development and may reproduce sexually if copulation occurs. Unfortunately no cytological data exist on reproduction of tin's species. ARTIFICIAL PARTHENOGENESIS Nutall (1913) reports parthenogenetic reproduction in a few females of the usually bisexual tick, Rhipicephahis bursa. Only a few larvae were produced parthenogenetically and these died. Suspecting the larvae were the result of artificial parthenogenesis, he subjected other eggs to immersion in a normal salt solution and rubbed them gently with a camel hair brush. These experiments (Nutall, 1915) , designed to test his hypothesis of artificial parthenogenesis, were conducted on egg batches from seven females. He treated four batches by the technique mentioned above and allowed three to serve as controls. Three of the four experimental egg batches and none of the three control batches produced larvae.
Repeating the experiment with 6 experimental egg clutches and 18 control clutches, he further reports that 3 of the 6 experimental egg clutches and none in the 18 controls produced larvae. Of the 15,296 eggs in the experimental group, only 218 larvae emerged (i.e. 1.4% of treated eggs hatched). Unfortunately, all of the parthenogenetic larvae died without taking a blood meal.
